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Module No:c 




y Module Titlej ' • 








1 - 




. . Jar Test , * 






» )^ 




A- 


: V* ' '/ ' 

Submodule Title: 








Approx/Timfe r 






> 






3 - hours 

6. 




.Topic:* ' , ' " 

Suihmary , ' 








Instructional 


Objective : ^ 







ERLC 



Upon comple^on- of this module the 'participant should be able to 

1. List the purposes and 'principles for various jar tests, 

- 2^^Perfc^rm'an:^ interpret the results'x)f the coagulation 
^ Jar^ test, 



3. Perfo^rm and interpret tlie results of the jar test for^ 
water softening/ . a ^ 



Instructional • Aids : 
Transparencies JAl 7.JA3 

Surface water analysis videotape. 
\ ' i 



\ Instructional Approach: . ' ' 

Lecture; discussion, videotape viewing, laboratory practice. 



References: , • ^ . . 

. AWWA, "Simplified Procedures for Water Examination." 196i|. pp: i}2-il8 



Class As^signments: 



\ 



,Module <No : 



4 



r 



Approx. Time: 

t 

0 .5^ hours • 
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Module Title :v 
Jar Test 



Submodule ^Tltle : 



\ ■ 



Topi^ : 



Purpose 



Instructional Obje.ctive: ■ • , . ' ' v ' 

Upon completion of this module the participant >should be able l!o : 

1. Describe in^general how jar tests can be used in calcuiate 
the amount of chemicals needed for water treatment. 

Lijs€ five factors which ean affect the coagulation, process . 

3* List tj|ree types of chemicals Which can be evaluated by 
f Jar t^sts. 



^ ,\ Instructional Aids : - ^ * , 

Transparency JAl « factors affepting coagulation 



Instructional Approach; 
Lecture/discussion 



A. 



4 ^« 



References : 



/ 



Simplified Procedures, ^A2. 



Class Assignments: 
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w 


•Module No: 
Ja 


"■^opic:, 


- ^ ' If ' 
Purpojse of Jar Test 


If 


Instructor Notes: 


Instructor Outline: \ ^ > 




d 




1* Jar test used as a small scale pl,an\ set 
up to determine chemical and physical . 
factors affecting precipitation treat- 
ment 

J * 


♦ 

' 0 

/ ^ 

f ' 


Transparency Ja-1 
Factor affecting coagula- 
tion 


2. - Factors- aff^cting^ coagulation * . .* 
a, alkalinity • , t' 
\ b. pH . . ^ 

c. amount of coagulant y< - 

d, stirring rate 

e» ■ stirring 'time * ^ ' ^ , ^ 
'f. nature of coagulant 
q. temperature 


( 

\ 

f 


\ ' * 
* 


V 


3. " Chemicals evaluatec^ " : * 
a* coagulant ^ 

b, coagulant aids. ' * ' • ^ 
c» softening chemicals' 


♦ N» 


' * * 

r 
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> 


« 
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/ • ' \ . 

t 
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' 'Module No: 



Approx. .Time: 

hours > 



Module Title: 

Jar Test < 
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Sufcniodule Title 



Topic:- 

^ * Principles of Jar Tests 

: — \ ^ 



Instructional Ob J eafrive: ^ ' / - 

, Upon complet'ion gf . this module the participant will be able to: 
1. Describe the apparatus used in the jar tefet. 

Describe in genel^al how a Jar test works^.* 
3\ Describe in general how to set' up a Ji'ar test. 



Instructional Aids: 
, Surface watfer an^ly^is videotape. 



• 7 



Instructional Approach: 
Lecture, diis'cusalnn, videotape viewing; 



References: 
Simplified, Pi?ocedUres, ^2-^5. 



Class Assignments: 



"T* T. 



■6.. 



Mo'dule No: * 

^ :__ 

•Irrstructor Notes 



Topio: ' ' jK ' ' 
( ** Principles of Jar. Tests 



-r 



Instructor Outline: 



Surfa.ce water video tape 



1. Show second to last section of video tap 
. answer questions 



2 . Apparatus : ^ 
a. stirrer 
•b.^ beakers 
c. flock illuminator 



Jar test works by approximating »^actual 
working conditions 



4. 'in geaeral . 

a. fill beakers with Sample 

b. add dosing solution' 

c. stir 

d. observe settling ^ ' 



Module No: 



A^^prox. Time 
0.5 hours 
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Module Title: • 

♦ 

-Jar Test 



Submodule -Title': 



Topic: * 

Preparation of Reagents 



'Instructional Objective: 



* ♦ ' 

Upon completion of this module the pajc'ticipant- should be able 
to prepare the following^ reagents-: . . . 

1. Coagulant dosinjg solution, ^ 

2. ^ Activated silipa dosing solution, 
. 3^ Activated carbon doling solution. 



9 -^x 



r 



Instructional' Aids: 
Transparency JA2- Reagent preparation 



J 
* 



instructional Approach: 
Laboratory practice 



Referenced : ' - 
Simplified Procedures, - p.^l^l, 

■ ; ... ■ . , 



r 



Class Assignments: 



8 



Module 
*J4 



Topic : 
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Prepara*tion of Reagents 



cif 19 



.Jns.tructor Notes :\ 



Transparency Ja-2 
Reagent P-i;eparation 



iiistructor Outline: * 



1. 'Stu<i^r>t should prepeire soluti^ons as 
follows in • the . laboi^atory : - • > 

■ \ ' ' 

Coagulant dosing sol.ytion: . \ * • 

' Use in s^ock plant cioagulant mixture 'or:' 
a. 10 g dissolved Qri suspende'd iij 1 litei 

• 

AI2 (504)3-141120 
of 1 mg per liter 



^ H^O - shake 'viel 



FeS04,.-Fe^0^)^j .9? 
*.l ml is a doslage 



2. Silica dosing solutic^n ' J 

a. . 348.4 g spdium silicate dissolved \ 
in 500 ml H2O,. dilute to 1 liter 

i 1' , ^ ' " \)P 

b. '* 66.0 g {1^H4)2 S64 in 980 'ml H2O' \ 

o. add ^10 ml solution a., ^20 ml H 6 \ 
in 100 ml graduiii^e, mix , \ ' 

• ' . h' 1' ' ' * 

d. *^^d 10 ml b. to|c/, mix \ 

' j 1' 

e. dilute to 100 njil^ mix . 



f. 0. 1. ml ^ equal .1 j^g/liter ^ 



Activated carbpn j:- * \ 

a. I'-g activated carbon to 1 IH^O shake 
.r - bfefore use* | » ' 

b. .each ml equals 1 mg/1 



Module No; 



Appfox. Time: 
- 0.5 hours 



Module Title: 

''*Jar Test 
• ■ V 



."^Submodule Title! / ' 



.Topic : 



Coagulation Test 



Instructional Objective: 

• ^ • V'' • . . ' 

Upon completion of this»modul^ the participant, should -be able tp.: 

, 1^ Set up samples^for the .Coagulation iar test. 

2. Dose a aerifes of samples with coagulant: \^ ' 

3. Rpn the Jar. test in* a standard way. " ' . ' 
^. Identify poxjr, fair, 'good, and excellent coagulation. 



A . 



* i 



Instructional Aids: 




r 



References: . 

Simplified Procedures, pJl^-H^. 



Class Assignments; 
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Mo'dule No: 

Ja . : 



,Topic:. i 

Coagulation Test 



instructor Notes: 



Instructor OutlJjie: 



2. 



To set up for . test place 1000 ml water 
sample, in each -of 6-1500 ml beakers by 
pouring bacR-and-forth, between beaker 
and graduated cylinder. ?lace beake3;s 
on machine'. » ' . ' ■ 



Add a series of doses/ ^depending on 
experience of coagulant fronv pobr^-to 
excellent coagulation> 



3. 



f. 



Run testv 

a. lower paddles 

b. .1 min stir at*^ rpm 

c. 15 min stir at 30 r^m 

d. ^record order of appear ance - and time o: 

pinpoint flock ^ ' ^ 



4> 



'7 

-Stop ^machine - , • ' 

a', allow settling f6rH|, 1^, 30/ 60 min. 
.b. identify results, as good, fair or 

V ejccellent , • • ^ 

C. identify- proper dosage beaker 'which, 
uses least amount of dosing solution/ 
bring down turbidity ^ 
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Module. No:- 



'Approx. .Time 
0.5 houifs 



Module Title: 



Submodifle Title: 



Topic : 



"Softehing Test 



Instructional x:)bjective: ' • ' ' 

Upon completion of this module the per.ticiga^it should '.be ^abl^to: 

. 1. Set jip samples for -the jar test for softening treatment;.. , '.• 

2. Calculate tilfe"^ amount e'f, dosing solution needed from 

hardness and alkalinity data.. * '\ - • ^ - ' 

-3. Properly withdraw s,amples f^r'. further testing. ' 









* 

— r-" r 


\ 




Instructional Aids: . 

V 


— '- *^ 

Q 


— — « — ■ ^— ^ ' ^ * ^_ 


.Instructional Approac^i: 
Laboratory practice - 






• <• 

References: 

* . , J 




t 


: Simplified Procedures, 


pp." ^5-- ^7^.* 






. ; ^ 




^Clas5 Assignment?: 




4 




■~ 12 ■ 


*- 

r I* 



Instructor 'Notes : 
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Module No: • ^ 
Ja 



Topic: 



Softening 



' tes\ . 



Inst:ru&tor Outline: 



I 
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Fj-om results of other modules ox 
artificial d^ta determine chemical 
requirements, (lime, ,soda ash) 
a*' set tip beakers with 10Ot) ml water 

Scimple each 
b* stir at 30 rpm . , < 



Af3d correctly calculated amount of. 
chemicals stir 30 min. 



Wi^thdraw sample for ^urtlj^ffer testing to 
determine if hardness has been reduced^' 
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Module No: ' 

* 

^ — 1- 


• Module Title: . ' " * ' . 

4 

Jar test 

• 


Submodule Title: 

*, • » . * 




Approx. Time: 


• 

•* 


Topic: ^ ^ 




0.5 hours' 


Variation of stir speeds 






»— " - ^ - . X . 





Instructional. Objective: ^ ^ ^ . ^ * 

V \ , ^ ' . • : • 

Upon^ completion of this module the participant should be 
able* to: 

1. Evaluate the resulta of the* jar test and determine 
the optimum* stir rate -based on the variatioa' qf 
stir ^peeds. ^ * . * / >r 

' 2.^ Se't\^up and perform the Ja? Test to evaluate' different 
stir sp'eeds. - ^ ^ ^ ' ^ • 



^Instructional Aids: 



i. 



Instructional ' Approach 
Laboratory practice ^ 



0 



References: 

/ 

Simplified^ procedures , p. 45 



Class Assignments 



4. ' 



Module No: 
tJa 



^ : : page 15 of 19 ' — 

Topic: . * . \ - ^ 

^ • , Jar- test, variation of stir speed 



Instructor Not.es: 



Use chemical dosage 
det ermined in prev ious 



Inst^ructor Outllnfe: 



1*. 'Explain how jar test can be used 
.tinder uptimum conditions to 
evaluate^ stir speed.' 



practice and vajry speec- 



I - 



-2^ as l a bor al^ry^practicey set up 
and run Jar* Test at Different 
, Stir speeds:^ ^ 
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Module f »^ 



Approx., Time': 
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•Module Title: 
Jar Test 



•4 



.SubAiodule .'Title :*' 



\ 



f- 



Top'ic: / . 

^ ' ApllicatioA " 

— — 



ti^^: '- ' . 

Upon completion of this module the. participant should be'*able to: 



1. Describe other variations of the jar test which *can be 
used to determine optimum. operating conditions. 

2% Calculate fhe amount of chemcial needed in a plant 
operation -from the results of a jar test. 



4? 



\ 



Instructional Aids: 
-Transparency JA3 - Determination of optimum dosage. 



Instruct iorjal App}:v>ach 
Lecture/discussion 



Ref^erences: 
Simplified P'rocedures, p. 1|7-1|8. 



class Assignments: 
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Moduje* No,: 
Ja 



,7 

/ 



. Topic: 



Applicati^ 



page "li-if 3.9 



T7 



Instructor. Hptes : 



Inst^tictor Outline: 



ffransparency JA3 ' 

Determination of :optimuiii 
dosage. 
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1. other tests: 

vary stirring rate 
"b. optim\im .amount of carbon needed to 
remove odor » 

c, vary stirring time 

d, vary settling, period 

e, compiarisoiv of^ujagulants 
^ f . check, the efficiency of spftenyig 

reaction 



Given dosage needed for* 1 liter of solu- 
tion multiply by capacity- of plant in 
liter, divide by 1 million to determine 
Kg of chemical needed for efficient 
operation C ' 



/ 
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' * ' pag^,ii8 of- 19 - 
fixam Questions ' ' " ' 



Jar Test 
Purpose 



.1. . What property o£ a suspension is tested in the- jar testT,^ 

2. Name two factors Effecting coagulation rate, 

3. The following types of chemicals , can be tested with the jar test: 

softening chemicals, coagulants, and coagulant \ 

• i' ' 

Principles of Jar Tes^)s . ' 

..4. • What is a "fdock illxuninator" used for? ' . . - , '* 
_5, True or False: ^ The jar test simulates actual working conditions, 

€. List the four general^ steps in a jar test. 

Preparation of Re^^gents. , ' - • • . 

7; Name one chemical which pan be used as a coagulant, \. 

8, 'The silica, dosing solution is prepared from , 



9, Calcui^e the concentration in mg/ml of an >'activatfed carbon 
^ suspension prepared by dissolving l.Og carbon in one liter of^ . 
water. • . - 

ipoagula-^^n test- 
is. What size beakers should* be used if the sample si^eis 1000 ml? 
11. Dosages ^should range in expected results from/' v. to 



12. True or Raise: An initial fa^t stirr^ sh^dld be rxin before the 
standard Btir-rate is utilized. - I. 

13. The p'lfbper d6sage, is determined from the dosage of the sample 
which retjUires ,the minimuia/maximnm (choose -one) amount of chemicals. 

Softening Test 



,1-4. What is the correct stir rate fort the softeijing analysis jar test? 

>i 

15. A sample to be tested for softening contains 10 mg/1 non-catbonate 
hardness cind 10 mg/1 Bicarbonate h2u:dness* The soda ash factor is 
1.06 tor noR-carbonate hardnes^. The lime factor is 0.5^ for 

^ bicarbonate, ^ardness. Calculate the amount of soda ash and lime 
required vn one liter tp r.educe the hardness to l.mg/1 for both 
non-carbonatQ and bicarbonate hardness. 

16. Following precipitation/ wha^ tests ate run on the supernatant to 
' determine the success of softening? 



Application ♦ .\ 

17. Name one othe;r condition other, than dosag^ which can be varied in 



] 

Th 



r.^rto'l9 of l9 

page i 

he determination of optimum opera ting» conditions* 



The jar^ test indicated that 100 mg of coagulant was required for 

proper coagulation pf one liter* How%uch coagulant should b6 
added , for operation of a one million liter plant? 



■ V, . 



A-' 



JAR TEST EQUIPMENT LIST 



1. coaguP^nt powder -.mixture a<s, commonly used In water treatment 
plants. . ' . > ■ 



2. *5'- 1 liter* volumetric fl^sl^s. 

* i* 

' 3. ^ distilled watei^' • • " t 

' ' . . * . * > . 

^ . balance * ' ^ ' 

5- 6 - 1^00 my beakers ' ' • 

6. stirring' machine * 

7. floe iilumiaator' ^ 

8. 'pure lime: CaO ^- • - • 
9- 1, -2, 5, 10, '50 ml graduated pipets 

10? hardness test Mt 

, 11. alkalinity test kit' • 

12. pH meter 

13 • filter apparatus 
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Jar Test . ^ * ^ • \ J . , ' * — 

Laboratory Procedure ^ ^ , * * , * 

I. Preparation of solutions ' • ' . * , ^ \. x , 

• A. Obtain all equipment -^needed as listed in -^t^quipment"' ^ '\ 

, hand-oUt . . j ' , ' .1 * 

. B. Coagulant dosing' solution ' ^ * ' • - * . 

' / Stock standard - 0.1 mg/ml. Add lOg coagulant ^to -(1 

a iJi vplumetric -flask*. . Dilute to the maiHc with distilled 

water. f \ * * . • ' 

« ' — ' , *». ' 

. . * ' ^ \ ' ' 

II . Set up ftpr test ^. ^ . 

^ A.' Put' 1000 ml sample ^in* '^ach of si;^ 1500 ml beakers on the 

^ stirring machine." f ^ ' ' ' - . . ' ^ ^ * 

^ B. Add gi series of volumes coagulant to each^hisaker (your-, 

^ ^ instructor will advise dosages ^etpen^W on experience) . 

C. Stir'^for 1 mirijate at 6o. R.P.M./ - = ^ - * 

* - D. Stir for 15 minutes at SOtR-P^M. ^ ^ ' ' \ 

JII. Observation \ 4 ' . ' ' ^ ' ^ 

A. Observe-the moment-iadT appearance of ".pinpoint" floe*. for \* 
each beaker. ' , 

B:^ Det^piine the optimum dosage for the- minimum. dosa|e .which 
^eliminates the turbidity. . i 

IV.. Softening* analysis ^ ' 

.A. To 1§00 ml- distilled add the following number of gr^s ■ 
V. ^ of pure lime J 0.56 x bicarbonate alkalinjrty plus 1.2? x — , 
Free COp plus 2.31. times the magnesium'' content . fMix 
well. I'ml of this dpsing solution should i?emoVe a:ll 
,\ the hardness. 

B. * Test tfte, hardness of the water sample.. 

C. Add''0.5, 1.0, 1.1, 1.2, 1.5,. 2.0 ml dosing s63|Uti6n to 
, > ' -each of the^S - 1000 ml samcles t^vbe tested i^i/l500 ml 

beakers . , . - \/ 

; 'D. Stir fd^ 30 minutes at 30 R.P.M. ' . 

E. Allow to stand and^ remove and filter super nataht. 
P. Test for hardness in each sample. Choose\the dosing' . 

solutiorj whfljph givfes the hardness desired in the -finished, 
water. ' \ , 

V. Calculation of dosage rteeded in plant. 
A. Coagulant dosage* \ . ^ 

Multiply the ml needed, for clarification in ^r.test -^by 
tO.l. Multiply this number by $.34 and .by, the million- / 
gallon capacity of the plant to determine pojinds^coagul^tnt ^ 
required. ' / . ^ * , 

' B, Softening ' ' 7 ' ' ' ' ' 

Multiply grams. limer needed in doing solution , by ml* d6sing 
solution needed to achieve the hardness desired. Mtfliriply 
by 8*3'» and by J;he million gallon capac^ity of the pt4ftt to 
determine pounds pure required. ' ' ^ . * 



Sample ntunber' 
I. . CoagulaCnt 



Data Sheet for^'Jar.Test 

( - ■« . . . • 



Beaker 




In ' . 


m 1 








ml 'Coagulant added ^^-^ ^ 










r 




Time for flock7nHn> ' ' 














turbidity eliminated 




c 

t 











Plant capacity (million gallons) 
mr,;}ieeded* Just bringdown .\ 

\ - turbid«;y ^ 

pounds needed in plant 
= capacity x mi x mg x 8.3^- 





ft 




> 


0 

r " i 




J* 


lbs. 



II. Softening - >i . - 
Grams lime per liter (mg/ml dosing solution) 
= 1.2-7 X Free COg +'0.56 x^bicart^lk + 2.3rx - ^ 



Initial hardness 
Desired hardness^ 

Beaker 
final hardness 
ml dose 



(mg/ml do ^ 



I 'II 's, iii/^ i-v' v'^^ yi ^ 

0.5' 1 . 1.1 1.2 1.5'2.0 



Plant capacity (million gallons) J_ 
ml needed to achieve desired 

hardnesd 

ing 1 ml dosing solution ^ 

^ pounds needed for plant 
«^,capacity x ml x mg x 8.3^ 



_ml \ ' 



Ibs.^ 



Comments: 



Analyst^ 



"TFMNSPARENCY- JA| ■ • 
Favors AffeVfing Coagulation 
r • A I ka I i n i ty 

3. Amount of ^ Goagu I ant . 



^. Sti rfinq. Rate 



, 5. St i pri ng t i 



me 



6. Natiipe of coagulant 
7/ Te^Tiperature 



/ 
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TRANSP/R£NCY JA2': ■ ~~ 

' ,v * ■ 

' '•; ' Reagent^.Pr^aratijon' - _ 

ng Solu*tibns • * • 

'CoQ^u I ant ^ ' • ' 

g di sso I yed or suspen,cled in;^l 
liter H20;'shake welt. FeSO/i/-' 
' A'2(SC^43- I^^H20. - * 

O.t ml is a dosage of J mg/liter 

Si I lea dosage solution - 

A- 3^^8.^^g .sodium -si I "icate disso.Lved 

500*ml ^H20,.'d4 lute to I MteLP. 
8- 66;0g (NH^)2S0/^ in 780. 
i C. Add.(G ml solution A, 20ml H2D. to 

•HOO m l . graduated cy 11 nder , -m i x . 
iO;. Add '10 ml B to.^G, mix. 

E. Di lute to 100 ml , mix. V : 

F. ^. I ^1 equals I mg/l/. 

. Activated Carbon . ■ ^\ 

-.A. Ig activated carbon suspended in I 

.; I i ter <H20. Shake tefo re .use . . 

B:' Each ml e-qu-afs Img/I i ter. • ^ • 



■ i TRAN.SPAREN-CY JA^ ^ 

Determingtion of Opt i mu'm. ' Dosage . ' . 

To. CO I cu I ate '.op.ti mum dosage fo. plant use: 




A. ' From Jar test determ i ne J owest number, 
o'f ml dos-ing solution required, to br i ng do 
the turb'i d^i ty . ' . ^ , ' 

B. ^^.uJtiply this number^' of/n I by mg/l ' 
equ*i valent -of T '^nl soJuti6n. . " _ 

Ci.Cpnvert gallon volume capacity of 
plant to liters (I ga I l,on=3 . 78 1 ; mu.ltip-ly 
gaj Ions by 3.78.-) - 

Multiply liter capacity by mg -chemical 
"S^V; divi^de'by I i^iillion to obtarn kg 
chem i ca I . . 

E. Divide Kg-chemic6l by ' 0'. ^^'53 'fp obtain 
oun ds . '-^ . 



r. Or: Multiply the number im 'B" by 8.3% wii the plwit cipacity im BiUioas 
of gallons. . 



